To demonstrate that what appears to be endolymphatic hydrops of the apical scala media is normal anatomy. STUDY DESIGN: Computer-generated three-dimensional reconstruction of the cochlear apex and tabulation of the number of cases with arched Reissner's membranes (pseudohydrops) versus flat membranes. SETTING: Temporal bone laboratory consisting of 809 documented pairs of temporal bones. SUBJECTS AND METHODS: Archival temporal bone sections from 107 bones (65 patients) were used to determine the percentage of arched (pseudohydrops) versus flat Reissner's membranes. Two bones, one of each membrane shape, were randomly selected for computer-generated three-dimensional reconstructions showing the cochlear apical anatomy. RESULTS: An arched Reissner's membrane was found in 48.6 percent of bones. In the cochlear apex, Reissner's membrane appears to be distended, simulating hydrops, due to its transition from a conical structure to a triangle bounded by the basilar membrane with the organ of Corti, the stria vascularis, and Reissner's membrane. Membrane findings were similar in both ears in 73.8 percent of the bilateral cases studied. There were no significant relationships between membrane type and clinical characteristics. CONCLUSION: What appears to be endolymphatic hydrops of the cochlear apex is the transition area of the cochlear duct from a conical shape at the extreme apex to the triangular shape found in the rest of the cochlea. The appearance of distension is dependent upon the cochlear length and the level of the microscopic section.
A curved configuration of Reissner's membrane (RM) in the cochlear apex, with the convexity into the perilymphatic space in man and experimental animals, is sometimes described as a mild or early form of endolymphatic hydrops (Fig 1) . Yamashita and Schuknecht described this finding and concluded that this apical "endolymphatic hydrops" had no clinical significance. 1 We have previously reported that this apparent hydrops is normal anatomy. 2 Since that time, one of us has been asked on several occasions to review submitted papers purporting the physiological significance of what ap-pears to be cochlear apical hydrops in man and some experimental animals. We therefore decided that it was time for another analysis of this issue to demonstrate its frequency in patients other than those with a clinical diagnosis related to cochlear hydrops.
Methods
This research involved temporal bone sections (specimens) of deceased individuals, not living individuals; therefore it does not fall under the Office for Human Research Protections' definition of research involving human subjects (45 CFR 46.101(b)(4)). As a result, this study is exempted from Institutional Review Board approval.
The temporal bones in our institution's bone bank were decalcified in EDTA for eight to 12 months, embedded in celloidin, and sectioned at intervals of 20 m. The sections were then put on slides and analyzed under light microscopy. A total of 122 sequential cases (244 temporal bones) were randomly selected for the study. Bones with true cochlear hydrops (clinical diagnosis of cochlear hydrops or Ménière's disease) and those with enough artifact to prevent accurate examination were excluded from the final analysis, leaving a total of 165 temporal bones. Of these, 107 bones from 65 patients had clinical records available and were included in the study. These included both ears of 42 patients and 23 unilateral cases. The clinical characteristics of the patients are summarized in Table 1 , including demographics, age at death, hearing at last hearing test, and diagnosis. We also examined the inner ears of other species for this study, including a guinea pig, dog, cat, mouse, rabbit, and baboon (Fig 1) .
Two bones were randomly selected for virtual threedimensional (3D) reconstruction with the Amira 4.0 software (Mercury Computer Systems, Inc, Chelmsford, MA), the first with an arched apical RM and another with a straight membrane. Every other section was stained with hematoxylin-eosin and placed on slides. Each stained section was digitally photographed under a 20ϫ magnification and uploaded into Amira 4.0. The images were correctly oriented using the AlignSlices tool and turned to monochannel for labeling. The structures selected for labeling were RM, perilymph, endolymph, stria vascularis, spiral ligament, organ of Corti, and bone. The next step was to create virtual slides between the real ones using InterpolateLabels for higher accuracy in the reconstruction. Next, the program was able to build the 3D object with the SurfaceGen tool, and the labels were retouched manually to avoid mistakes in the object's anatomy. This reconstruction could be rotated in any direction in real time and allowed us to make a very detailed evaluation of the conical shape of the cochlear duct origin in the cochlear apex.
Analysis was performed using the LinearProbe tool, which measures linear distances between two points in space. SurfaceCut was used to find the locations where the RM first looked hydropic and then straight. One probe was positioned in each of these points and the linear distance (perpendicular to the cutting plane) measured.
Variations in length and size of the cochlea have been previously described. [3] [4] [5] [6] In our collection there are eight temporal bones that were sectioned in a coronal plane and demonstrate this variation. These cochleae demonstrate how different orientations and lengths might change the appearance of RM during sectioning. Therefore, we rotated the reconstructed apical segment to mimic the different orientations ( Fig 2) . SurfaceCut has a rotation option that was used to ensure that the orientation of the cutting plane was axial after the structure's rotation. Once these changes were made, the same analysis was done on the rotated cochleae.
Data Analysis
In addition to descriptive statistics, inferential statistical testing was performed to determine any relationships between membrane type and clinical characteristics. 2 
Results
Over all ears, 48.6 percent had an arched RM. Of the bilateral cases, the membrane was arched in both ears in 38.1 percent, flat in both ears in 35.7 percent (i.e., the same on both sides in 73.8%), and different in the two ears in the remaining 26.2 percent. This was a statistically significant relationship between membrane status in the two ears (P Յ 0.002).
There was no significant relationship between membrane type and sex; 49.3 percent of female and 46.9 percent of male subjects had an arched RM. There also appears to be no relationship between diagnosis and membrane type, although the number of cases with any one diagnosis is too small for statistical analysis. Of those with otosclerosis, 44.7 percent had an arched RM, as did 52.9 percent of those with hereditary sensorineural hearing loss and 56.3 percent of those with presbycusis. There was no significant difference in PTA or age between those with an arched or a flat membrane.
Apical reconstruction of the cochlea with an arched RM shows that the cochlear apex is entirely occupied by the endolymphatic duct ( Fig 3A) . At this level, RM (adjacent to the cochlear wall) and the stria vascularis form a blind sac in the shape of a blunted cone at the apex. A few micrometers away from the cochlear apex, the perilymph begins to appear as RM begins to detach from the cochlear wall ( Fig 3B) . Finally, the cochlear duct reaches its characteristic triangular shape; however, the membrane is arched and appears slightly hydropic (Figs 3C and 4) .
Apical reconstruction of the cochlea with a flat RM shows a different cochlear orientation. The apex is laterally oriented (Fig 5) , which makes it parallel to the sectioning plane. After removing all structures, using the computer software, except for RM, stria vascularis, organ of Corti, and basilar membrane, the apical portion of the scala media appeared to be the same as the previous reconstruction: RM in the shape of a rounded cone. When the cochlea was rotated to match the orientation of the previous one with an arched RM and the sectioning plane was correctly aligned, RM was shown to behave the same.
The initial reconstructed cochlea has the most common orientation found on temporal bones (Fig 2) . The distance between the apex and the straight RM was found to be 789 m. This means that, if the scala media always expands into a blind sac at the cochlear apex, RM would look hydropic in three or four stained sections (classically, every stained section is 200 m apart).
Once the cochlea was rotated to resemble the other orientations, the results began to vary. In one orientation, it was not possible to see the membrane become straight from its hydropic appearance in the upper turn. In others, the sectioning angle prevents RM from seeming hydropic in any section, so the membrane appears straight as soon as it is visible ( Fig 5) . The distance between the apex and the straight section is 335 m, which means that in one section the membrane would look hydropic.
Discussion
Our findings demonstrate that in the cochlear apex, RM frequently appears to be distended, simulating hydrops. This is due to its transition from a conical structure to a triangle bounded by the basilar membrane with the organ of Corti, the stria vascularis, and RM. The cochlear duct in the apex of the cochlea appears on 3D reconstruction to be a blunted cone with the tip occurring in different relationships to the rest of the cochlea, and thus to the plane of sectioning, depending on the length of the cochlea.
We found a 48.6 percent rate of arched RM in our temporal bone bank samples. Yamashita and Schuknecht also described this phenomenon many years ago, although they found it in only 10 percent of cases. 1 They categorized the degree of hydrops as mild, moderate, or pronounced depending on the degree of RM displacement; but they note that the judgment of the degree of apparent hydrops is an arbitrary one. In this study, we defined any evidence of arching of the membrane into the perilymph space as hydrops. We also had the opportunity to use new technology to provide 3D reconstructions that help explain the arched appearance of the membrane in many temporal bones.
Pseudohydrops is found in both normal temporal bones and temporal bones with unrelated pathology. Thus far, pseudohydrops has been an incidental finding with no known explanation or significance. We found no significant relationships of membrane type to clinical characteristics. More importantly, bones from patients with any of the clinical symptoms diagnostic for cochlear hydrops (i.e., Ménière's disease or cochlear hydrops) were excluded from study. In addition, it is a feature that is not exclusive to humans. Our findings suggest that the basic reason for the different presentations of RM in the apical part of the cochlea is anatomical variability. In the most common cochlear orientation during sectioning, the membrane appears arched and hydropic in the apex. In certain orientation variants, which include cochleae with different lengths, the sectioning angle prevents us from seeing the true anatomy of the apex, and RM appears as a linear structure from beginning to end.
Conclusion
In the cochlear apex, the scala media begins as a conically shaped blind sac, and RM surrounds the scala almost in its entirety. As it progresses basally, it adapts to the wellknown triangular shape. During this transformation, the arched membrane gives the impression of being hydropic, but this is only part of its anatomy, and thus should be considered normal. 
